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At  a  tine  when  industry  was  small,  with  the  uwner  as  operator,  no 
necessity  existed  for  manufacturing  control.  The  proprietor  could  keep 
many  details  in  his  head  or  in  a  memorandum  book.  Today  s  voluae  of  record 
keeping  is  b urgeor.ing.  during  the  past  half  century,  the  number  of  clerical 
trkers  has  risen  at  more  than  double  the  rate  of  Industrial  •■orkers,  wi ti¬ 
the  c. of  such  labor  constantly  increasing-  Tne  entire  field  of  planning 
is  more  difficult  and  intricate  than  In  the  past. 

These  factors  have  resulted  in  a  trend  toward  mechanization  >V  the 
man  if ac  taring  control  system.  Industry,  however,  has  been  slow  v>  adopt 
completely  mechanized  methods,  and  vc  tally  automated  preauction  control 
atom-  a  re  today  the  exception  rather  than  -he  rile.  Topical  areas  hlch 
r— v>;  been  sitomated  include  payroll,  aaJ.ee  analysis,  and  accounting  where 
-he  outa  can  te  collected  In  batches  and  processed.  A  control  sy f tea  ends 
to  the  ln'-agrailoa  of  activities. 

It  is  the  purpose  of  this  paper  to  preseat  in  abridged  form  a 
sunthesised  procedure  for  oomtrol  of  production  using  punched -card  methods. 
The  uystas  may  be  oomsldered  •  fraaeeork  for  application  to  any  manufac¬ 
turing  enterprise  ap|b>  la  the  fabrication  and  accsafely  of  parts,  regard- 
leas  of  product.  Machines  are  uaed  te  record  and  coordinate  all  paperwork 
involved  la  Manufacturing  free  time  of  rav  arterial  reoelpt  through 
transformation  into  finished  product.  A  collateral  objective  of  this 
presentation  Is  to  Indicate  that  aachaataatloa  of  the  production  control 
system  is  e  logical  role  for  the  Zadue trial  toglassr. 
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Those  responsible  for  the  developawat  of  a  management  control  system 
must  clearly  uaAmretemd  the  objeotlvee  of  the  tote?,  system,  partleularly 
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where  mechanized  methods  are  employed.  The  following  principles  have 
been  generally  accepted  as  desirable  attributes  for  a  good  prediction 
control  system: 

1.  Furnish  adequate,  accurate,  and  timely  information  -  this  is 
possibly  the  raison  d’etre  for  a  mechanized  production  control 
syatea. 

2.  Be  staple  to  operate  •  asstxalng  the  existence  of  a  competent 
data  processing  organization,  this,  too,  is  a  favorable  aspect 
of  the  mechanized  system. 

j.  Be  economical  to  Maintain  •  soae  companies  have  I'jind  that 
costs  have  increased  rather  than  decreased  after  installing 
data  processing  equipment,  mason  ale  taxes  being  mechanization 
of  an  installation  with  Insufficient  volume  to  Justify  cost 
of  the  machine*,  or  partial  mechanization  resulting  in  non- 
optimum  utilisation  of  the  data-processlng  system. 

4.  Be  flexible  to  change  -  flosibility  may  he  an  advantage  of 
a  digital  snmpufr  application  hat  la  possibly  less 
sharaotoristia  of  pua1ed*eard  equipment. 

5.  Pntn  a  iaams  i  flail  mg  •  aa  nut— <il  system  in  many  ways 
serves  aa  a  oatalyst  to  forward  planning. 

6.  Provide  anaagut  by  "aaeepUoa"  •  aueh  detail  is  eliminated 
in  a  properly  designed  dsta- process  lag  system  so  that  msnsgement 
Ji  silent  oas  be  affiled  shore  needed  with  no  site  of  time. 
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Once  msmagaBoat  baa  established  objectives  for  its  system,  the  Industrial 
fegtnaer  any  them  define  data  aaads  aad  flows  throughout  the  organisation 
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and  ascertain  .he  reporta  and  analysis  required  for  achieving  these  goals. 
This  la  the  system*  s.udy  and  shoild  not  be  confused  wl  th  detailed  data 
programming  which  occurs  aich  later.  A  graphic  portrayal  of  some  of  .he 
basic  Inputs  U3  and  o  itputs  of  the  a  r.oaatea  production  control  procedure, 
which  will  ce  described  subsequently,  &e  shown  In  Figure  1.  This  diagram 
also  signifies  the  .cope  and  complexity  u:  .he  os.cn. 

The  p  inched  card  has  been  c-onsl  vici'cu  the  input  document  for  ti.« 
a  itoented  production  contr  1  .yuten  depicted  In  this  paper  -ltn  electro- 
mechanlcdl  equipment  used  f  r  data  processing.  Th.e  rationale  for  thi. 
la  that  the  digital  computer  Is  not  available  In  .11  enterprises  toda^ 
me  .t  tne  procedures  developed  .or  e  punched- card  applies t  on  -re 
S'iapv»Lle  •  «  consequent  computerised  Installat  ion.  Automatic  convert?  r> 
cm  i  ~.*d  to  transfer  data  from  cards  t>  magnetic  tape.  Hamor^  of  the 
punched-cerd  system  Is  contained  la  Its  asrd  riles. 
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The  start  lag  point  for  production  ooatrol  thinking  should  be  the 
produet  to  be  mamuffcettirai*  ami  this  malsU  oaly  after  it  has  been  designed. 
Complete  irwlepi  specifications,  ami  material  lists  are  necessary  from 
the  engineer  lag  department  fir  Dm  production  shops.  Changes  u  specifl- 
oatloae  may  occur  between  the  time  of  the  original  eehmdaling  of  a  produet 
end  lie  manufaeture.  Am  integral  reguirememt  for  ant  easeful  operation  of 
the  aeehaaited  productlom  eomtrol  system  Is  that  the  blueprint  be  thoroughly 
searched  for  possible  Inf  itit  mailt  ■  prior  to  its  release  to  avoid  excessive 
cheagee. 
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Figure  I 

Inputs  ond  outputs  to  production  control  system 
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After  a  product  has  reached  the  manufacturing  stage,  planning  or 
process  sheets  are  prepared.  The  planning  sheet  becomes  authority  for  the 
prod  iction  of  a  part  and  the  basis  for  collection  of  costs.  The  genesis 
of  the  mechanised  production  control  system  may  be  considered  the  punching 
of  dara  from  the  planning  sheet  into  h  master  deck  of  cards.  From  this 
deck,  a  printed  planning  sheet  is  generated  ar.d  distributed  is  required 
and  -he  cards  are  used  subsequently  for  printing  ai.jj  ^rce.  „■ . 

«  prime  input  of  the  design  engineering  function  (se*  Figure  1,  L 
the  tabulated  basic  parts  list  by  subassembly  .  IV. la  11.. t  '.s  analyzed  by 
.re  master  schedule  group  to  develop  the  master  production  ached  ,  leh 
should  t.  established  simultaneously  wi  -h  he  planning  sheet.  This  uchcault 
se’.u  forth  the  r-itc  und  completion  date  of  each  product  as  well  as  allowed 
iae  for  meter&al  procurement,  machining,  assembly,  ana  test. 

%op  orders  muy  be  -bought  of  as  seconder j  schedules,  since  the.,  are 
products  of  the  matter  schedules .  The  manufacturing  release  order 
establishes  variables  for  a  speelfle  order t  quantity,  aecoumtlag  charge, 
lot  number,  and  schedule  data.  Proa  the  sample ted  release  order  form,  an 
order  deck  Is  puashed.  ths  order  4eoh  Is  vised  to  extract  appropriate  cards 
from  ths  sforomsatlomod  master  deck  sad  to  prist  a  shop  order  which 
d  i  pi  lot  tea  the  pis  using  Laforastlea  piss  variables 

The  following  la  n  partial  listing  of  controlling  sad  utility  sards 
generated  eeohsnl sally  vs  accompany  the  "traveler  oopy"  of  the  shop  order 
to  the  production  departments : 

1.  Ihterial  withdrawal  card  used  to  withdraw  material  from  stock  sad 
provide  debit  traaaaetlon  data  to  material  ooatrol  inventory. 
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2  Material  Identification  card  attached,  to  material  issued  from 
stores  sad  used  to  provide  positive  identification  througho.it 

the  operational  cycle. 

3.  Tool  withdrawal  card  used  a s  authority  to  withdraw  tuols  and 
provide  data  for  crib  records. 

4.  Production  operations  ca.-d  used  to  record  completed  .  perations 
and  provide  earner  hours  for  productivity  reports. 

).  Inspection  ajsary  card  used  to  record  inspection  data  for  % 

quality  control. 

The  following  are  some  representative  management  control  reports 
generated  from  infcraatloa  available  la  the  tabulating  facilities: 

1.  Jhop  load  report  used  to  show  new  Jobs  received  diring  the  schedule 

period,  completed  work,  and  status  of  backlog. 

3.  lehlad  schedule  orders  used  to  report  department  ind'or  areas 
behind  schedule. 

3.  Stage  effi tl smear  r<B§inrta  available  by  machine  group,  operator, 
product  lime,  and  ao  on  for  any  given  period. 

Special  reports  any  also  be  requested  by  management  to  cover  an.,  special 
situation. 
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A  copy  of  the  printed  planning  sheet  Is  transmitted  t>  the  tool  design 
department,  following  the  Astermlaation  of  manufacturing  methods,  tooling 
must  be  plccned  early  rltfc  the  initiation  of  designs  or  too lasting  by 
outside  suppliers.  MrthedC  and  tooling  studies  can  be  undertaken  *t  the 
same  time  as  procurement  and  raw  material  storage  studies  but  may  be 
delayed  by  final  release  of  engineering  dravings. 
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For  in-house  manufactured  tooling,  a  complete  tool  design  is  prepared 
based  upon  information  in  the  planning  sheet.  Upon  completion  of  the 
ucuign,  the  tool  engineer  writes  the  tool  order  directly  onto  a  multipart 
carbon  interleaved  form.  A  handwritten  copy  is  satisfactory ,  since  no 
-at sequent  reproduction  is  needed  for  reordering.  All  information  from 
u.e  tool  order  is  punched  into  a  maater  deck.  This  deck  i.,  used  to 
•generate  controlling  and  utility  cards,  including  labor  attribution, 
ma  eri.l  requisition,  final  disposition,  and  tool  receipt. 

M.;n*hour$  expended  for  tooling  are  collected  from  the  prepunched 
gob  time  cards  and  through:  use  of  tabulating  equipment  translated  into 
collars.  Eventually  the  manpower  cost  is  combined  with  tooling  material 
expense  and  the  aata  automatically  posted,  into  a  maater  ledger. 

From  the  aata  available  in  the  punched  cards,  management  control 
reports  Similar  those  described  for  shop  control  are  generated.  As  , 
the  tooling  data  are  processed,  both  through  the  tool  and  material  control 
subsyst«ma,  a  complete  history  of  the  tool  is  posted  automatically  int s 
the  master  ledger. 

For  tools  to  be  purchased  outside  the  company,  a  control  sketch  is 
prepared  to  provide  detailed  information  to  the  vendor.  Copies  of  the 
ardor  serve  as  a  requisite  a  and  are  handled  in  the  same  mariner  as  any 
purchased  material. 

MATERIAL  CONTROL  SYSTPt 

Material  control  begins  be! ore  the  physical  goods  are  purchased  or 
received.  It  conte  sts  of  both  the  physical  control  of  materials  and 
maintenance  of  records. 
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Requisition  information  is  punched  into  tabulating  card’s  which  are 
used  to  provide  a  report  of  requisitions  held  in  open  file  pending  place¬ 
ment  of  the  purchase  order,  nils  report  provides  a  basis  for  follo-f-up 
of  outstanding  requisitions. 

Each  item  of  a  purchase  order  is  entered  on  a  separate  card  -o  provide 
u  means  of  entering  "on  order"  records,  for  recording  receiving  i-nformat!  on 
and  for  follow-up  by  material  or  tool  number.  These  cards  are  also  used 
to  purge  the  open  requisition  file. 

From  the  master  deck  of  Caras  maintained  by  -he  tabula  Ling  function, 
the  following  typical  utility  cards  are  generated: 

1.  Dock  receipt  card,  which  provides  a  report  of  incoming  material. 

2.  Purchase  order  receipt  used  to  provide  inventory  data  ana  purge 
open  purchase  order  file. 

Management  control  reports,  such  as  open  ’"equlsitions,  purchase  orders 
behind  schedule,  and  orders  due  in  a  specific  time,  may  be  issued  at 
established  Intervals.  Stock  transfers,  requisitions,  and  other  trans¬ 
actions  are  automatically  debited  and  credited. 

Miscellaneous  operating  reports  are  also  generated  from  the  punched 
cards,  including,  for  exemple: 

1.  access  Material  usage  report  indicating  percentage  of  excess 
materiel  by  department  or  cost  center. 

2.  Excess  scrap  report  comparing  weight  of  scrap  to  issued  material. 

3.  Ifaterlal  commitment  r«wrt  showing  monthly  procurement  activity 


priced  at  actual  (or  atandard)  value  for  use  in  estimating  purposes. 
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The  punched-card  system  for  production  control  is  particularly  adapteci 
to  operations  which  are  characterised  by  the  use  of  thousand*.  :f  parts, 
man./  of  which  are  common  to  more  than  one  assembly.  Automatic  .-at  dating 
equipment  is  faster  than  human  performance  and  results  can  be  obtained 
at  lower  mit  cost  where  volsainous  data  must  be  procesue'.  u^o  reported. 

The  preparation  of  reports  considered  important  but  beyond  the  time  and 
physical  limits  of  manual  operations  is  a  prime  advantage. 

Punchec-card  methods  provide  a  good  meo.ium  for  recording  specifica¬ 
tions.  A  permanent  record  source  is  provided  from  which  all  necessary 
computations,  documents,  and  reports  may  be  prepared,  similar  advantages 
are  realized  in  scheduling  operations  and  material  control. 

Machines,  however,  should  out  be  considered  a  panacea  for  solving  all 
production  control  problem.  An  emoouragiag  aspect  is  the  introduction  of 
many  small  digital  computers  la  recent  /ware,  same  for  specialized  applica¬ 
tions. 

gPILOWE 

The  Industrial  login  taring  Symposia  sponsored  by  the  AM. I.  reported 
in  part  that  the  Industrial  Ingloeer,  ia  addition  to  his  traditional  roles, 
should  in  the  future  be  concerned  with: 

1.  Analysing,  developing,  and  implementing  entirely  new  systems 
consistent  with  modern  decision  methods  and  computer  technology. 

2.  Improving  the  design  of  existing  controlling  systems. 

Vi  thin  the  time  limits,  an  attempt  has  been  made  here  to  indicate  or 
suggest  that  in  many 'organisations  the  production  control  system  may 
present  such  an  opportunity  and  such  a  challenge 
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